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iii. Ordering of mutants within the close ncwgnborhood of éach ‘other can be
done by two and three factor crosses by generalized trancduction and also by

a ncw episome complementation method developed and described by Robert N. Reeves
and John R. Roth, JMB 56, 523 (1971). Use of automatic techniques will allow
the enormous labor required to make an intensive map to be done easily using
transduction, mating, and other technigues that can be carried out on agar.

The establishment of a large library of temperature scnsitive and more completely
characterized mutants covering the chromosome map thoroughly would have very
many applications in the study of bacteria and especially of yeasts and higher
organisms. W2 propose to begin the work with bacteria for which the techniques
seem straightforward and extend it later to higher organisms.

Significance:

i. By periodic measurement of map distances by cotransduction or interrupted
mating one can monitor increases and reductions of the chromosome by the net
effect of gene doubling, recombination, deletion and other processes that may
affect its size. With a large number of standard markers and standard proce-
dures the machine can keep a steady picture of the state of integration or
autonomy of various plasmids, of the chromosome number, if that is subject

to change, and of the size of the chromoscme.. It seems more. likely that the
size of the chromosome is not an accurately conserved quantity but there will be
variations in the population and it is hoped that methods of measurement will be
sensitive cnough to make some description of this distribution and how it changes
when the parent strain of the population contains various mutations especially
affecting Di'A replication and repair. '

ii. There may be regions of the map for which no temperature sensitive mutants
or other conditicnally lathals can bz found. It is of ‘great intercct to know
how much of the DNA specifies no function and is functionless except for its
role in evolution of new genes to carry out new functions or for structural
functions at the DNA or RNA level.

iii. When the vhole map or at least regions of it are densely filled with
markers it may be pocsible to discern overall patterns of placement and organi-
zation of the genes according to their function or evolutionary history and
thus to understand better evolutionary or phyciological demands that led to
this particular pattern or structure. The operon concept is the most obviously
important fact of this type but there may be Ouhers as yet unrecognized.

iv. It will be possible to quppLy large numters of densely located temperature
sensitive anu other kinds of mutants in particular regions of the map for inten-
sive further study of particular problems in this and other laboratories. We
intend to use the method irmediately for trying to generate large numbers of
mutants in tne neighborhood of known sites for DIIA regulatory mutations hoping
to discover other DNA regulatory mutants in the same neighborhood. As the
technigues develop we will probably be able to supply other laboratories with
large numbers of mutants important to their particular intcerests.

If sutomation malkes it possible to follow changes in a densely-mapped
bacterial chromosome subjected to a variety of mutational situations, the resul-

tiny 11”‘FH1~ irto chivoanzoms mertianics ”171 he eriromely v(“u”blc. Fxltension
e Lils appr to enlcnaon U hhoner oz‘-‘**r“isx‘;s hers irmorions oomooguineas
Tor wadcrohanding o vide ranse of csllindar s ohions Tor CLdlS inowhieh

good biclogical mechanicsms of nen"tlc recowblnqtlon are available.
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L) Genetic characterization of the chromosome terminus and the regulation of cell
division in E. coli. '
David R. Zusman, Assistant Professor of Bacteriology, University of California,
Berkeley. AR

M=thods:

Recent evidence from gene frequency measurements (1-3) autoradiography (L)
and biochemical analysis (5) demonstrate bidirectional chromosome replication in
E. coli. The origin of replication appears to map at about 75 map min while the
terminus has been mapped at about 30 min (6). The termination of chromosome
replication appears to be necessary for chromosome segregation and subsequent
septum cross wall formation (7-9). o .

It has been suggested that chromosome termination may trigger division by the -
transcription of division related genes, located at the chromosome terminus, at
the time of their replication.(7,10-15). This hypothesis has recently received
some experimental support: {(a) studies of cell division following DNA, RNA, and
protein inhibition at the time of chromosome termination in synchronous cultures
(16-18) incicate that the specific replication of the last 0.5% of the chromosome.
(0.45 map min) is required for subsequent cell division; blocking protein synthesis
during this replication will block the subsequent cell division. (b) Several

filament forming septation mutants have been obtained which map near 30 min, the
chromosome terminus (15, 19-20).

: Unfortunately, the region of the genetic map around 30 min is one of the
most poorly understood areas (21). Very few markers have been identified; a
stable F' has never been isolated for this region (22).  We therefore propose to
study this region of the E. coli map in great detail using the automated techniques
now available. Hopefully the study of this region will help us understand the
nature of the link between chromosome termination and cell division.

We have isolated a man~ mutant (30.5 map units) that is non-reverting. We
propose to use the transducing phage P} to cotransduce mutagenized markers (23)
from a man® strain to our man~ strain. Transductants grown on mannose minimal
medium will be plated out using Dr. Glaser's automation equipment, replica plated
at different temperatures, and temperature sensitive colonies obtained. These
colonies will be characterized for nutritional defects or division defects. The
nutritional mutants will be saved to help us map this region of the chromosome.
The division-membrane mutants will be studied more carefully to determine possible
relationships with chromosome structure and/or regulation of division.

Complenentation studies should indicate the specific number of division related
genes localized in this region of the chromosome and the possible existence of a
division operon. Double mutants will be prepared so that the in vivo interaction
(epistasis) of known mutants of different phenotypes can be studied (15). This
approach can lead to the sequencing of related gens functions and is the
first step nccessary to determine the ordered pathway for septation in a manner
similar to the study of T-even phage development and other self assembly systems (2h).

1. Masters, M., Proc. Nat. Acad. Sedi. U. S., 65, 601 (1970).
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Significance: Detailed understanding of the relationship between DA synthesis
and cell division in E. coli may give important insights into the same relation-
ghip for proliferating animal cells, vhich generally do-not synthesize DNA
except in preparation for cell division. - RS

Studies in biochemical evolution in E. coli and B. subtilis. :
Joshua Lederberg, Professor of Gernetics and Biology and Cnairman of the Genetics
Department, School of Medicine, Stanford University, Stanford, California.

We wish to observe alterations in polypeptide products resulting from mutations

in synthetic genes (generally synthetic homopolymer sequences) which have been
inserted into the genomes of E. coli and B. subtilis bacteria. Immunochemical
methods will be used for detecting these alferations by examining large numbers

of small colonies for which no biological selection condition is known. By
observing evolution of a polypeptide, much can be learnad about the genetic code
and about rates of various kinds of mutationz in differcnt nucleotide environments.

Genctic organization of the E. coli chromosome: mutation rate versus map
rosition of the translocated lactose operon.
Gordon Edlin, Associate Professor of Genetics, University of California, Davis,

California.

The purpose of these experiments is to probe the gensetic organization of the E.
coli chromosome. Ultimately we would like to understand why genes are located
at particular sites in the chromosome. One approach to this question is to
measure frequency of mutations in a gene (or genes) vhich have been tranzlocated
S o onwmid of dilferont siter in the chaunvscis. A medel oysoon Tor theso ox-
perinenls is provided by the lucwoaze overen. 4 set of striing exist which aze

genetically uniforn except that the lactose genes have been translocated to a
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number of different gites in the chromosome.

These strains will be mutagenized with a variety of mutagens (nltrosoguanldlne,
ethylmethanc sulfonate, U.V. light, etc.) and the frequency of lact — lac™ cells
will be measured. Preliminary studies have shown that the frequency of mutations
in the lactose genes are a function of chromosomal location.

After analysis of the lactose genes, the samz analysis can be applied to other
genetic systems such as an amino acid biosynthetic pathway, ribosomal protein,
etc. Genetic techniques for constructing the approprlate bacterial strains
already exist.

W Enclosed ‘is a brief statement for your grant. We would like to go
ahead on this as soon as possible since it is all worked out and is basic-
ally a matter of cranking out the data. The diagram shows the nine strains
we want to test. 1he lac genes are located at the 9 positions
ay v

'. ?:.‘.l?-,‘l'r{vb“mas

\x

We will mutagenize with Eho and n-LJosogLanIdlne for starters., We can
measure the mutagenesis here by measuring the number of valine resistant
colonies. That gives us a number to use to normalize the mutagenic effect-
iveness. We would then br:ng down the mutagenized culture to be sprayed
onto trays. We want to test the number of lac™ cells. I think the easiest
way to do this is to place them on EMB lactose agar. Lact are red and

Lac™ are white. We probably need to photograph at 2 or 3 times to reliably
distinguish the 2 types and probably have to set some limits in the computer
as to what it calls white and what it calls red so we probably need a dry
run. Once that is determined we can run them as fast as time allows. I

presume we w1ll work w1th Phll on this. Let me kncw how and when you want
to proceed. ” - '

Recombination deficient mutants of E. coli.

Alvin J. Clark, Professor of Molecular Biolozy and Bacteriolozy and Immunolo;y,
University of California, Berheley

Method: "“Our work in large measure stems from the discovery of recombination
deficient mutants of various recombination prcoficient strains of E. coli. In
doing the necessary mutant hunts the present bottle-neck is the picking of
colonics of survivors of rutagenic treatment and patching them in geometric array.
I am very interested in testing the dripper you have invented as a means of

depositing cells in geometricarray prior to testing their clones for recombina-

2 Py (]
tion deficieney. IL Zo wouy noocible thin o foellitete wmory crperiments we have
n b}

been sitting on bocuuse of the lanor involvad in piciving and patching.”
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New Salmonclla typhimuriunm tester strains for detecting mutagens and carc1nogen=

~ among environmentsl chemicals.

Bruce Ames, Profegsor of Biochemistry, University of California, Berkeley

Method: This work 1s an extension of work already publicshed to special cases
for which the labor of mutant isolation and characterization is limiting.

1. 'Ames, N. B., Iee, ¥. D., and Durston, W. E., Proc. Nat. Acad. Sci. U. S.,
70, 782 (1973).

2. Ames, N. B., Durston,¥W. E., Yamasaki, E., and Lee, F. D., Proc. Nat Acad.
Sei., 70, 2281 (1973).

Fine structure mapping in the histidine operon.
Bruce Ames.

Method: This vwork is an exltension of work already published to special cases

for vhich the labor of mutant isolation and choracterization is limiting.

1. Ames, N. B., Lee, F. D., and Durcton, W. E., Proc. Nat. Aczd. Sci. U. 5.,
70, 2 (1973).

2. Ames, N. B., Durston, W. E., Yamasaki, E., and Lee, F. D., Proc. Nat. Acad.
Sic., 70, 2281 (1975).

Metal ion mutagenesis and plasmid curing in Salmonclla tyvhimuriuwm.
Peter Ilessel, Assistant Professor of Blology University oI San Francisco,
Scn Francisco, California

2

Method: "I have been looking at the interactions of metals with bacteria using
two assay systems. First, I have been studying metal ion mutagenesis and second,
plasmid curing by metal salts. The decision to focus on metals was based on the

‘near presence of a colleague in the chenistry department who had been studying

metal carcinogenesis Tor fifteen years and was eager for some company.

"The work to date has been basically an extension of Bruce Ames'! scheme applied
to metals. So far I have shown that Mn012 and HiCl are mutagens in S. tymphi-
murium. Our search for new metal mutagens is contlnuln" and I suspect we will
find others in the next T'ew months. The mechanism of metal mutagenesis has not
been thoroughly e:xplored. It is not krown, for example, whether metal ion pene-
tration of the cell membrane is a prerequisite to mutagenesis. To find out, I
would like to select for mubtants which are temperature sensitive for reclstance
to metals. The assumption is that resistance would be a reflection of the fail-
ure to take up the metal. I would select for growth at 42 (permeasc denatured)
and no growth at 37 (Dermeace functional) in the presence of the metal. Having
obtained such mutants I would test them for susceptibility to metal mutagenesis
at both temperatures. I realize my proposal is perfectly straightforvard. If I
carry it out.with the timec and resources at my disposal, it is at least a year's
worlz. HWith the "Qumbwaiter"” I think I could hove the first mutants in several
weeks.

1. . o e St oy - : - 3 y . -7 ~ B4 . A - . -
IRt “TJQCbAnG virulenes in Zalaonnlla ond dzolation of mubanitsc suitable for o

. . e et et s
LIVE vacoenn

Bruce btocler, M.D., Professor and Acting Chairman, Department of lMedica



Donald A. Glaser

e Tenn jor e = 91 - -
T - . Privileged Communication - —

Microbiology, School of Medicine, Stanford University, Sténford, Califorhia-_

For experiments on the mapping of gencs affecting the virulence of Salmonella.
species, it ic expedient vo obitain genectically marked sublines in particular
strains. For exanmple, in lines of S. typhimurium which differ-from the available
genetically maried stocks of strain LT2 oy their nigh virulence for the mouse,
. on intraperitoncal inoculation. It has been the experience of several. workers
that:aurotrophic mutants obtained by mutazen treatment of virulent strains of
Salmonella commonly nave unvwanied additional mutations causing reduced virulence,
by unlinoua mechanisme. Therefore, in theory, the best method  of procedure ‘
would be to introduce chocen ncgative alleles, determining nutritional requirements:
or inability o ferment particular substrates, by transduction. To do this by
i ordinarily availpble methods, even with the aid of penicillin enrichment, is
: hardly practicable, beccau:sz of the amount of labor required to detect the rare
Pt 2 transductants, vhich cannot be selected for. Dr. Glaser's apparatus should make

| possible the detection and isolation of the decired transductants by an automated

)

SO : procedure. A sccond problen, in the same general field, is the isolation of par-
{ 7" ticular clasces of cunotrephie, etc. mutant in mouse-virulent gtrains, for possible
) ; use as live vaccines, stebly non-virulent because of, for instance, growth factor

0 : requirement, but otherwise unaltered. Mutants blocked in the synthesis of the
< dicminopimelic acid component of the bacterial cell wall should be unable to mul-

tiply in the tiscues of a marmalian host because of absence of this substance, a

. component of bacterial but not of eukeryotic organicms. Heavy mutagen treatment

‘ of the bacterial strain to be used would be likely to cause additional, unwanted

i nutations: furthermore, it is unlikely that -such mutants can be selectéd for

o ! by the penicillin enrichment technigue. Probably the only way 4o isolate such '

o i mutants is by direct examination of a bacterial population for cells able to

A : produce small colonies on defined medium supplemented with a small amount of ‘

T ; dianinopimelic acid and able to resuse growth on provision of additional. diamino-

ot .i pimelic acid. Dr. Glaser's methods and apparatus should make this feasible, wherec-

I

'

as it is hardly so by other methods.

~

-, 12) Proline non-utilizing mutants of Salmonella typhimurium. .
1 : ‘John R. Roth, Associate Professor of liolecular Biology, University of California,
Berkeley . ‘ :

T em

e

A We've been analysing the proline degradative pathway., It involves an operon

. containing three genes, two genes for degradative enzymes and one permeasec.
Permcasc mutants can be obtained by positive solution. The other two classes
are more difficult to obtain. Because even wild type cells grow rather slowly
on preline, the standard penicillin enrichment works very peoorly. Scrcening

of mutagenized cells with your apparatus should permit mutant isolation. These
will be strains which fail to grow on proline as sole N. source but can usc
either NHz or glutamate as a nitrogen source. "

s

| v : \
%3) Isolate mutants of Bacillus subtilis deficient in DNA synthesis at high or at low
; - temperatures. _ i

..

~ -

14) Isolate mutants of Bacilluc subtilis resistant to certain phage and to drugs oo
; s bhag

like p. hydroxyphenylazouracil for studies on DA synthesis. .
A. Ti Gonesan, Professor of Genetics, Stanford University, School of Medicine, '

ol L 5] "¢ R I SRR
Seandord, California.

; Our research project involves the study of the mechanism of DWA replication and
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its genctic control in Pacillus subtilis, a transformable bacteria. We have
isolated several {emperature scnsitive nutants that are defective in DNA synthesic
The thermosensitive protein has been studied in a few cases. There are about O
groups of genes that control DA synthesis. There may be even rmore. We isolate

-these mutants routinely by conventional, slow and laborious procedures. The

automated petri dish machine would be ideal for the above project. We are speci-
fically intcrested in both low and high temperature sensitive mutants, and mutantc
that are resistant to drups like p. hydroxyphenylazouracil. This drug specifi-
cally inhibits DHA polym°rase IIT in Bacillus subtilis Polymerase III is d;;ec»l
involved in DINA synthesis. Resistant mutanis would nnlp to locate the position
of the gene for the enzyme. The system is also adaptable to test phage mutants
vhich are currently studied. The instrument is a very valuable and unique tool
Tor our projeets. We would very much like to collaborate with Dr. Glaser in
obtaining several important mutants and adapting the mechine for other relatea
projects in cecll biology.

.

Screcening for possib ¢ mutagens among environmental chemicals by mutatlons
affecting sporulacion in Bacillus subtilic.

Lavrence E. Sacks, Research Microbiologistc and

James T. MacGregor, Research Pharmscologist

United States Department of Agriculture, Agricultural Research Service,
Western Regional Laboratory, Berkeley, California. : :

Thousands of chemicals, whosg biologicel effects are little understood, have been
disseminated invo our enviromment and the food we eat by modern technological
society. Most frightening of thcse chemicals are the mutagens, with their poten-
tial for teratogenic effects, cancer, and unknown long-term elffects of alteraticn
of germ-cellc. -

In screening for poszsible nut agenlc LhLILC&lS, microorganism systems offer the :
advantages of speed, simplicity, and economy over animal systems. A disadvantage
of microbial systems now in use is that they test only for mutations occurring

in one or a few genes. A bacterial system sensitive to mutations on many genes,
scattered throughout the chromosome, would seem to offer important advantages over
currently used systems (1). We believe such a system is that governing sporu-
lation in the genus Bacillus. Sporulation is a very complex process requiring :
the participation of a minimum of 28 operons for the gporulation process alone(2).
Other systems (e.g. TCA cycle) are required for successful sporulation. Right -
hundred genes have been cstimated to be requlrea for successful sporulation ())

Selection of acporogenic mutants is =1mp11f1ed by their char~ctcr1su1c vhite colo*
easily distinguished from the wild-types brown colonies, colo*ed by formation of a
pigrent late in the gporulation of B. subtilis,Marburg strain. Using a highlj
transformable strain of this organism, and a widc variely of mutagenic agente

many sporulation genes have been mapped (4) in programs designed to unravel

the genetic control of sporulation. We propose only to invert this procedure,

and to ucse sporulation mutants to identify new mutagenic agents. -
Dr. Glaser's instrument, cepable of identifying single mutants in huge populations.
will be of great value in identifyingz mutagenic activity at very low concentra-
tion levels. This combined use of a bacterial system involving over a hundred

genes with ccanning by an 1notrww0nt carable of 1<1cr~L,:Lf"1*J'r mvuatron rates below
15-7 :hc"i 3 i ’
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We summarize below some advantages of the proposed system: .

L.

2.

It is based on foruard mubtction, the most benerul type of detection system.
Any type of mutation which insctiviat:s or substantially alters a gene essen-
tial for sporulatcion will be detected.

A large mmber of genes are involved in sporulation (2, 3). Some mutagens

L tr Ay s e - - - ba . = L e
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are spacific Tor particulzr regions of the DiA. - The more genes surveyed, the .

- leas chance of excluding nmutagenic "hot-spots"

N
Sporulation rutants are often characterized by a block at 2 purtlcu_ar stage

in their morphological develomvment. The frequency of occurrence of particular

stages of arrest vill permit an assessment of the randomness (or specificity)
of each nuua"en. : e

The B. su SLDulliS systen is well-suited to genetic studies. Highly transiorma-

ble strains ecxist, and many genes have already veen mapped (4#). Dr. Glzser's .

scanning cystem, hovever, is not limited <o the pigmented B. subiilis colo-

nies. Other well-studied species (e.g. B. mecateriwm, B. cereus) may also be

employed.
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Proline degradation mutants in yeast.
John K. Roth, Associate Professor of Holecular Biology, University of California,
Berkeley.

VWe've Suarted looking t prolln“ dﬂqruaaulon in yeast. Here the available mutant

enrichment technicues gensrally uorl: noorly. _lost p:
fairly “brutc-force" sort of wa ay. A large set of p
would be very useful to us. This hunt would need to
and probably chould follow preliminary wori (in pro
mutants. In this vay the most advaniageous conditi

cple,onek yeast mutants in a
ae-non-utilizing muetancs

1low the Salmonella hunt

) on the few availakle

can be determined. ’

Saturation mapping of one yeast chromosome. - ‘ -~

John R. Roth

Yeast has roughly 4-5 times az rauch DA as bact ia Roughly one hundred genes
have been located. The spacing of these mencs are mids anoush to malie it 4iffi-
Cull Lo iodh mlvororiio. 4 cotweasion von {ox f?t‘;;'lﬁiﬁ" yermiuTehion wo)
would give ney mavierd Ior mapsing ant o sinliur: ectivote of the meny denzivy.

l
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A hunt for temperature-sensitive mutants should yieid mutants carrying lesions in

5 .

the instrument dcvelop” by Professor Glaser could help to speed up the further

/ T e e o e e
' Donald A. Gloser
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Strains will be obtaincd through Robert Mortimer vwhich are monosonic for a emall
chromosom=. Other strains will be obtained which are monosomic for a large but

‘poorly marked chromosome. These strains ore diploid for all but one chromovome.

the chromosome for vwhich these strains are haploid. These can then be analysed.
Determining the number of genes involves is fairly easy because of the simplicity
of yeast complcmentation tests. I'd like to try this in a year or so after I've
gotten back from sabbatical leave. (I'll be doing yeast genetics during that,
time.) . .

Genetic mapping in Saccharomyces ccrevisiae ‘ g
Robert K. Mortimer, Proiczsor and Cnuirman of Medical Physics Department, Univer- .
gity of California, Ber“eloy . ' o o !

The availability of detailed genztic maps is an important component in determining
the suitability of an organism for genetic and molecular studies. For a number of
years, we have carricd on a program of genctic ra np;nr in the yeast Saccharo-
myces ccrevisiase as an adjunct to our other studies. 2ge mapping studies have
resulted in a genctic map vwhich establishes the 1o catﬂon of more than 150 genes on
17 chromozones. Hovever, because of the large number of chromosomes and the high E
frequency of genetic recombination in yeast, very few heavily mappaed regions are |
availavle. Such regions are important for studies vwe wish to carry out on gene :
conversion and its relaticn to mechanizms of genetic recombination. We believe

developrent of gonetic mave in this ¢ crganien, The approach we nxopos to use iz
bascd on the random spore technique 1°"CTlJPd in our recent napping paper (YMorti-
rer and Hawthorne, Genctics Th: 33-Eh (197)) A gerics of "*ralno that each carry
one of a set of cchre sunnreszsors in combination with a suppressihle canavanine
resistance genc and an aJditio 2l selection of nutritional genes will Be croscsed
to a large scries of temperature sensitive lethals. The resultant crosses will be
sporulatud, and the asci will then be treated v1th glusulacse Tollowed by sonica-
tion. The sonicated suepension will be inoculated onto complete medium containing
caravanine.’ Only spores lacking the supprecsor and carrying the resistance gene
will grow. These can then be transferred by replica plating to a ceries of
"drop-out" plates Lo score the nutritional gencs and to a "§60" environment to
gscore the conditional genes. The patterns of growth: nongrowth on these various
media can then be recorded avtomatically by the scanner and the resultant data ™
analyzed for linkagz by a suitable computer vrogrem. In .this procedure it will ke
necessary to inoculate at a concentration that reduces 4o a low level the proba-
bility of clones developing from more than a single sporc. The instrument should
greatly facilitate random spore analysis both by permitting larger gamples to be
analyzed and by automatically recording and anralyzing the results.

Gene conversion and recomhination in unselected nitotic yeast cells.
aymour Fogel, Professor and Chairman of" Genctics Department, University of
California, Berkeley.

Post-niciotic cegregation and hcteroduple A, )
Seymour TFogel.

{

Two rather 3pe cific pronosals for use of the auviometcd nicrobiolosical equiprent
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Our currcnt undersianding of intragenic recombination in cells cormitted to a
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strategics and overall rationale may be carried over to address such seemingly
unrelated though cential problenrs as chromosome naﬁdisjunction,nor screening
rmatagens, careinogesne, fungicides and antibiotics for their genetic effects.

I. 6&ene conversion and recombination in unselected mitotic yeast cells i
' |

i

mitotic cycle emerges
depend on appropriate

rom data gernerated by selective methods. In effect, these:
ignal devices that lead to the detection and recovery-of

only wild type or prototrophic recombinants. However, we have recently demon-

strated the cccurrcnce of mitotic co-convercion in hybrids marked by three of
four heterozysous sites in a single structural gene, and it must be emphazized
that multisite convercions do not typically generate wild type recombinants.
Thus, though co-converszions might represent the most frequent event class, they
remain uncetected and unscored in conventional celective procedures. By analogy
to our studies on unnelected couplete meiotic tetrads, we propose to analyze (in
the same hybrids) an unselected vooulation of mitotic cells for all conversional
events falling within a defincd genztic region. :

Mitptic geng conversion in yezst occurs with an averase frequency of the order i
10" to 1077. Accordinsly, collecting a sample of 10“ or610j upselected conver- .
sional events involves scrcening a total nopulation of 10° - 10° cells, or a i
sample beyend the copability of routine microbiological methods. Automated !
microbiolozy equipiment, houcver, augurs well for the successful completion of
this and cimilar studies. : "

¢ a) automated sinzle cell innocula; b) replica-
c) irradiating the replica prints (UV or X-ray);
rieving sectored clonce; e) finally, complete

-

TCT
ectored clone by random spore or tetrad enalysis of

Our anclytical stratzzy reouire
plating the derivative clones;
d) detecting, locatinz, and
genetic dicgnosis of cach s
each segment.

ot

¢
e m

II. Post-meiotic seprecation and. heteroduplexr DNA.

Common to all molecular models secking to account for genetic recombination are
enzymatically mediated steps at eventuate in heteroduplex or hybrid DNA produc-
tion. At the in vivo genctic level, the precence of unresolved heteroduplex DitA
is detected by post-rmeiotic segregation (EMS). PSS is comparatively frequent =~
among the total aberrant octads of Ascobolus or Sovderia. Houever, technical
difficultiecs with thesz fomms, including a paucity of geneti¢ markers, preclude-
total and critical analysis. With autorated microbiological procedures adapted
to randonm spore or teirad analysis baced on diploid ycasts suitably marked with
T-10 heterozysous sites (i.e., loci and alleles of lnown meiotic conversion
frequenciez), we could recadily acsess the frequency, extent and distribution of
heterodunlex DNA in the yeast genome on a statistically reliable base. Sectored
ascosporal clones, otheruice concordant for all segregating markers will be
considsred as PMS cvents. o S . ' |
: ‘ —— :
Also, from the distribution of FilS evente among spores produced by heteroallelic
diploids of the type ++/12 or l+/f2 (notation as before) where the mutant allele !
pairs noy be chosen from extensive fine structure maps to represent a range of i
gerctic dictances, the reowlarities znd bneic attributes of heteroduplex DHA -
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Mammalian somatic cell genetics.
Frank Ruddle, Professor of Biology and Human Genetics, Department of Biology,,
Yale University, New Haven, Connecticut. .

I believe that your machine has particular possibllities with regard to
the recovery of conditional temperature sensitive mutants in tissue culture
populations. As we have previously discussed, it would seem possible to esta-
blish colonies in the machine and then to shift to higher temperature and
examine the colonies for retardation in the rate of increase of colony size.
It would be possible to maintain the cultures at 34°C as a permissive condie«
tion and then to increase the temperature to 38.5° for 3 hr. periods out of
a total period of 24 hrs. and carry this regimen forward for a period of one
or two weeks. It would seem to me Jthat this would not kill the temperature
sensitive mutants but.would result in a decided difference in their colony
size which could be easily monitored by your photographic equipment. The iso-
lation and characterization of temperature sensitive mutants will, T believe,
be one of the most important aspects of somatic cell genetic work in the next
decade. It should be possible by this means to obtain mutants which affect
the biosynthesis of cell membranes, nucleic acid, and protein. It is also
possible to.pick up mutants which specifically affect the ability of mammalian
cells to progress orderly through the cell cycle. All of these mutants can be
analyzed by genetic complementation tests involving cell hybridization and
chromosome segregation. For this purpose it would be best to make use of
Chinese hamster cells or mouse cells as the population in which the mutants are
recovered.

It seemed to me that your machine could be adapted also for recovery of

. mutants in differentiated cells. . Quite a number of tissue culture cell lines

which express specific differentiated traits are now available. For example,
we are growing hepatoma cell lines vwhich produce albumin. The albumin is
secreted into the medium at high levels. It would seem to be possible to
maintain colonies and then test the individual colonies for albumin production
perhaps using a fluorescent reagent. One can then examine a large number of
colonies for cells vhich fail to produce albumin. This would represent -an
excellent method for picking up non-producers. These cannot at the present
time be enriched by selection techniques. One could also test for reversion
to capacity to produce the differentiated product using the non-producing
mutant as the base population. This kind of procedure could be adapted to cell
lines which produce hemoglobln, myocin, nerve specific protein, etc.

When your machine is sufficiently developed to make use of mammalian'
cell populations, I would very much like to be in touch with you with regard

to these possibilities. If you are interested in pursuing these p0551b111t1es

I'd be more than happy to come out to Berkeley and spend a month or so in this
connectlon. . :

b}
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21) I olatn and cheracterize a lar a nunber of ste”01d- and cyeclic AAP-regletant
= ‘clones of mouse  lymphoma cells.

’ Gordon M. Tomking, Professor of Blochemlstry, Uni verC1ty of Callfornla, San
Francisco.

-1
3
!
i

| - General Objectives: For some years our laboratory has been studying biological
-~ - regulatory mechanisms in culturcd marmalian cells. We have concentrated primarily
on the action of the cteroid hormones but more recently have become interested in

the” cyclic nucleotides as well. The bulk of our work heretofor has been a bio-
chemical analysis of the molecular mechanicms of ccll-hornone interaction. Quite

recently, hovever, we have begun to explors genetic technigues to purgue our ob- !
Jectives. For this purpose we have been using cultured mouse lympha cells vhich
are killed on prolonhbd exposure to ‘either the adrenal glucocorticoids or to cyclic
AMP. Thic response occurs at vhysiclogical levéls of the GI;erJ‘ molecules and

presumably reflects the well known irmunosupressive action of the glucocorticoids
end of agents vwhich elicit cyclic nucleotide synthesis. In any event, we have beer
able to sclect varisnt lymphoma cclls resistant to the lilling actions of the

i

!

i

:

! |
g steroids, cyclic AP or both agentz. OQur results to datc indicate that the transi-
I tions from effector-sensitive to effector-resistant occur at randor at a rate,

i 1in.the case of the steroids, of 3 x 10-° per cell per generation and for cyclic ;
i AMP, of approximately 1 % 10T per cell per generation. Various mutagens increase

E the frequency of steroid resistant cells. Biochemical analysis of ths phenotynes

| of steroid- and cyclic AMP-recistance had indicated tha% in the former case, three
E - types of variants can be isolated: those lacking the normal cytoplasmic steroid
L - binding activity; those where binding takes place, but in vhich the receptor-

i© " steroid complex is not translocated to the nueleus; and finally those in which
binding and translocotion occur but cell death does not result.

Prelwmlnary investigations suggest that various phenotypes also give rise to 5
cyclic AP rcs*utancL. To date we have studied only cells in which the “cyelic
nucleotide binding protein and its associated Lkinase are deficient. i

Specific Aims R,

1. To 1"olate a large number of steroid- and cyclic AKMP~resistant clones of |
lymphoma cells. §

2. To determinc the frequency of their occurrcnce and the effects of a variety
of natural and artificial mutagens on the tran51t10n from sensitivity to ;
resislance. » , R
Z. To determine the biochemical bases of cell killing. :

To characterize the- pheno JPCS in term< of various known steps in hormone
action. - : ?
5. To carry out complementation analyses using cell hybridization techniques 5
to determine the number of piochemical steps involved in cell-hormone
“interaction. S . . .
6. To determine whether the transitions result trom genetic or other types of i
i - stochastic, heritable variations such, Tor example, as might occur during :
i . the differentiztion process. : !
. 7. To investigate pocsible relatlonuh*ns besween resistance to the steroids and ¢
i to tle cyclic nucleotides.
; ‘8. To apply similar methods to circulsting malignant cells in paticnts with

l
} * . lymphoma or leukemia in an attempt to design more. rational therapies for
: these discases.

Sirmificancsr The preiccted stutisns Loar on mans savechiz of cell Ldoion, an?l

et s o— e —— t o
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From a theorcetical point of view, these experiments could provide novel approacheu
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clinical medicine. The glucocorticoids are major'therapcuclc agents in leuﬁemla'

‘and in other malignancies. Their eifectiveness is limited only by the emergence

of horione-registant cell populations. Our observations with cultured cells can’
‘therefore serve as a useful rodel for ctudying how it might be averted. The
finding that certain mutagens, in particular alkylating agents, enhance the con-
version from sterovd-gen=1t1v1uy to sterold-resistance already indicates that

"therepeutic regimes which employ alkylating azents together with steroids might be

redesigned to avoid the.possibility that ster01a-re5Lct t cells are produced in
the course of therapy. . X i

+

These studies also suggest that new classes of agents, such as the cyelic nucleo—
tides or compounds vhich elicit their production, might be used in tumor chemo-
therapy. The apwparently lower frequency of resistance to cyclic nucleotides holds
out the hope tlat these agents could be more effective therapcutically than ‘the
steroids. . . S '

to investigations of drug and hormone action by corbining genetics, with cell
biologzy and biochemistry. It should, for example, be poss1ble to isolate cyclic
AlfP-resistant: variants in which adenyl cyclase or various specific membrane reccp-
tors are deleted making it possible to study the interrelation bestween the elements
in this Important regulatory circuit. The same considerations hold true for the
steroid hormones and studies on their mechanism of action.

Steroid and cyclic AMP-resistance are the result of changes in structure of the
recepiors. .Since these molecules have been identified, and to some extent, puri- .
fied, the generation of resistant mutants can be correlated with altered molecules.
Therefore a more complete genetic analysis can be carried out than if the selec-
tive 1arker (e.g. drug resistance) were not -correlated v1th a known Droteln.
Linkage analysis in marmals by somatic cell genetices.

Theodore T. Pucl:, Director, Institute for Cancer Recearch; Profecsor of Blonhy51cc
and Genetics, Eleanor Roosevelt Institute for Cancer Research, University of !
Colorado Medical Center, Denver, Colorado.

Prelinminary discussion of this project has indicated the great labor of isolating
mutants and establishing linkage. Feasibility studies need to be carried out . '
before real resecarch plans can be made. Because the genctic exchange system is™ !
so inconvenient compared with E. coli, the auuowat“on may be even more. valuable
for animal ‘cells than for bacteria.

Sensitive detection of muta azenesis by changes in colony morphology-extension to .
additional bacterial and eukeryotic cells. A :
DO lq' G’].aser- . ,

Method: Since colony morphologzy is a highly polygenic characteristic, it should
be a very scnsitive detector of mutagenesis. Extremely uniform reproducible

culture conditions are required to guarantee reproducible colony morpholezy even-
in tho absence of rutations. For measuring gross nutagenic effects doun to very
lou "exposures", we plan to emplore the limits of colony reproducibility for a .
variety of organisms. ) . . . i
succesriul, colopy morpholony chantes provide a mechod of

werie elfliets on o vide veriety of c¢lorable ccolls, evren 17 Litile
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o Although the Dumbwaiter and all of its ancillary equipment is expected to be

-
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or no genetic information is availeblet Scereening of chemical and physical
nutagens is an obvious application. ~ :

'
s - ey

2k) fTransformation and mutation of Memralian Cells in vitro by low dosés of mutavens
and ionizing radiation. :
D. A. Glaser

. .

"Pransformation of Marmalian Cells in vitro by Low DOoeS of X-rays", C. Borek
"and E. J. Holl, Nzture 2k, 450-4557(1575). Embryos of golden hamsters vere
ninced and separated into individual cells growing on agar. The cells were
irradiated with 1 to 600 rads of X-rays, incubated, stained, and the colonies
formed (probably about 2 mm in size) examined for forms made by transformed

L v

celle ) : ' o
s k Table of Effect of Transformed Cells S R A}A
i ‘Dose _— Clones Examined Cells Transformed
g 0 - - 36,000 o j
L 1 - - 17,900 3 ‘ 1
: 10 . 10,200 L :
* .25 . - . 5,500 8

M [
Clearly large numbers of clones were cxaemined for the infrequent event. The ability
to use larger nucbers of cells and examine the clonass fommed from them would make
the numbers found more precise and allow better description of the dose response
it curve at low dosecs

25) Behaviorzl Mutants of Motile Organicms : : o
D. A. (Glaser . ~ _ .

- .

ot
—

In the original prono«al for construction of the DV and scanner system, we de-.
scribed possible behavioral studies of motile organicms of stendard or "instinc-

ag an example of the type of study we would like to pursuc sometime during the :
ne:t few ycars. _ » o !

"Chemotaxis by the Necmatode Caenorhabditis elerans: Tdentification of Attrac- ;
tants and Analyszis of the Response oy Use of hucante", S. Ward, PHAS 70, 817- . :
821 (1973). Known behavior mutants of this nemetode were put onto gradients of an ;
attractant on agar plates covered with sgarose beads or sephadex beads. The ‘
patterns resulting differed between the wild type and the mutants. Some studies .|
were done to understand the chemotaxis. The hunt for more mutants was.proposed.
Clearly, in hunting for mutants, the more worms to be exemined the beiter. The
worms are small enough to ve 1noculatnu in 0.05 ml of liguid from an Eppendorf

: pipette. The patternz are formed gquickly and photograph vell. Analysis of the

; path can be done by computer in the same way Berg follows the three-dimensional
path of E. coli. : " . oy

T

'26) Further Automation Inctrumentation Developrent.

. in full operstion vhen this program-project would begin in June 1975, a number :
: of specialized accessory instrum“ntc will probably be neceded as the bilological
pro~ran davelons A szuple of cucli instrumentation projecite that we envieion

.
N T [ IO e ) .
at uvhaie time Tollovo:

tive" behavior as well as adaptive or "learned" behavior. The followingis quoted —

——————
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(a) Optical Cell Sorter--At the present‘time the vibrating nozzle inoculator is '

(b)

(c)

used for laying down rcgular rays of droplets containing bacterial suspension.
In the future it will e used to deposit yeast cells and animal cells &s well.
If the concentration of cells is adjusted =o that each droplet contains on the
average 1 cell, then 1/e of the droplets will be empty, 1/e of the droplets wlll
contain 1 cell, and the rest of the droplets will contain more than 1 cell. :
For most measurements the only really useful results come from colonies descen- .
ded from a single cell and the empty droplets are of obviously no use for most
measurements. By illuminating the droplet at the time of its formation laser
light, it 1s possible to make dark field measurements of light ccattering, .
color, and fluorescence, which signal the presence of a cell and give some f
information about it. Such instruments work well with animal cells, but require

further developﬂent to detect bacterla, which are much smaller. . . : ;
1. W. A. Bonner, H. R. Hulett, R. G. Sweet, and L. A. Herzenberg, "Fluores- |
cence activated cell sorting”, Rev. Sci. Instruments 43, 4ok (1972). -

2. M. J. Fulwyler, R. B. Glascock, R. D. Hiebert, and N. M. Johnson, "Device
vhich separates minute particles according to eleCuronlcallJ ensed volums",
Rev. SC1. Instruments 40, 42 (1969).

None of the existing systems seems capnblg of detecting bacteria and we hopc

to build such a system sensitive to bacterla as vwell as to larger cells. ;
. -4

e v et e e o

Inc*ease TFilm-Scanning and Comuutlng Speed--Since the Du.bvalter can easily tole -
one photograph per second and since the film-ccunning time rangees from 10 to 20
seconds per picture depending on the experiment, the film-scanning and computing
operations will be rate-limiting steps in the output of the entire system. Ve
are, therefore, very anxious to cut the analysis time by installation of the
PDP-1l, PDP-10 scanner coumputer system as well as by some software improvements.
Install Televicion System--For some future experiments it will undoubtedly be :
useful to analyze biological systems in real time and o intervene in the experi-
ments without having to wait for the several-hour delay of taking pictures, -
developing, and cnalyzing them. Tor this purpose we plan to install a tﬂla‘lcjon
system connected directly to the computer which will eliminate photography. In
addition to allowing real-time intcrvention, it will be a considerable saving in .
the cost of photographic materials. On the othzr hand, the ®levision- system '
does not have the reliability of experiments recorded on film, nor do television
cameras have as high resolution as our present flying-spot scanner. We imagine,
therefore, that we will use both systems depending on the needs of the experiment.

Irradiation kacility--We plan to provide a facility in the Dumbwaiter for
irradiating cells with ultraviolet or infrared light and aleo wlth lOD;Zln&
radiation on some schedule as requwred by the e perlrenus. . o

Semi-micro Phot o*ranny--For study of very small colonle" we will need to provids
a serii-micro photographic system vwhich will photograph a l-cm or even 3 mm squere
on the agar insteed of the present 100-rm square. There is a trade-off betwezsn
the time and cost of photography and the size of agar area covered. Optimizing
the tradz-off will require different magnifications for different experiments.’

» Call Ianipulation Davicas--Cur nracont nlepe e 20 use colony pichars,
rer 'Jt""‘f ot :»“:_Cgvlﬂg dovicss suitoble Jor colonden of B. o2 and olher
cclls that h%ve sinilar phv sical properties. We can well imagine thﬂ‘ ‘other
elovobls eelle IXI v e aoste ) Q0T ot fanlidouns Tor mendendakion pel

special ccll moaipwlintlion duviecs will be roauired Crom Lime to Simo.
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‘standards for allowable erposure to ionizing radiation among the gerieral population

Virus Laboratory = Molecular Biology Departmént.

A Donald A. Glaser :
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D. Slgnwflcance . K K o : . ' o §

In the discussions.above of the nartlcular bLologlcal resca*ch progec«s, the signi-
ficance of cach one was pointed out. In gerneral, these epplications of modern auto-
mation technology coupled with computer-directed pattern recognition and analysis of
data offer a powerful new tool for accelerating research in a wide variety of fields
of molecular biology and cell biology. They reduce enormously the labor, .time, and
materigls required to isolate rate mutants critical at a number of stages in research;
as vell as to measure with high accuracy frequencies of genetic and mutationzl events -
whichh must be known for the guneuic d1 section of 1mportant biological processes..

rw—n ok

In aedltlon to th° great gains expected 1n the peed of research in fundamnntal
biology, the same large-scale automation technigues offer great promise for a varlety
of bio-assay applic¢ations, including the screening of environmental chemicals for
their potential mutational and car rcinogenic elfecte; the testing of proposed anti-
biotics, antineoplastic agents, and cell regulatory substances.” In additional to the .
poesibility olvlarﬂe scale Leeuwnﬂ of chemical agents, it seems possible to make
highly accurate measurements of the effects of ionizing, as well as non-ionizing,
radiation on a variety of clonable cells. The informetion resuliing is important to )
studies in fundamcntal biology as well as the difficult problem of setting safe o

and among workers in industries involving the presence of radioactive substances. :
With these large scale methods, it may be possible to cxtend the dose-sffect relation-
chip down to very low exposures and- so to discover in an over-all sense vhether there’
is a threshhold or minimum dose below which rcpalr mechanlgns prevenu any detectable i

- genetic damage at the single-cell level.: - _ .

Finally, the success of these applications of the cutting-edge of modern technology
serves as a demonstration vhich may stimvlate similar applicaticns in industrial i
as vell as medical and research sectors. We alrcady know of several projécéts for :
strain improvement of antibiotic producing organisms that have been directly . stimu-
lated by this work. Representatives of a very large number of pharmaceutical manu-
facturing firms, instrumentation manufacturers, and chemicel compznies have visited
our facilities. Suppliers of agar for medical and research purposes have also visited
our facilitiecs and have discussed with us their problems in nmaintaining uniform repro-
ducible quality in their product. Variability is a source of considerable difficulty -
in both medical and rescarch applications and we have agreed in a general way to '
measure batch to batch variations by its effect on colony morphology and growuh rates:
in an effort to help them 1mprove the quality of thelr product. . :

e e

The five-ycar perlod of this proDoaed prowram-progect chould be ample time to carry
through successfully a mumber of the projects we are proposing as well as to test
the feasibility of a number of others and evaluate the usefulness of this kind or
technology to biomedical science and industry.

E. Tacilitics Availsble f s ;

" Radted

Many of the biological experiments dascribed here will be developed, at least
to the pilot ctage, in the Molecular Biology Department and Virus Laboratory as has
becn done in the past. All of the usual common research facilitics of these labora-
torics will be available as necescary. In addition, a cmall, well-equipped machine
chon 1o at our dlewosal. :
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: and vho have visited owr facilities. Since the Cyclops has been ruwaning only a short ;
U t3ime e, we have not encouraged acblvc vwork in our laboratory until very rvc~n+ly and
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Iam*ence Berkeley' Iﬂborato:y ' S : . RIS

¥rom time to time we may call upon cpec1a1 shops and consul w1th e

xper"'e.
oy the Iaﬂrence Berkeley Iaboratory to help us with proziems which they may

have alrcady cncwuntezcd in their High Energy Payoics and other orograris. ‘In addi-
tion we can of%:n obtain electronic and o her gpecialized supp_ies at very attractive
Lprices and with immedizte availability from the excellent s tockroom facilities ¢f the
.-laboratory. We are very fortunate to be able to take advantage of the superb tech-
nical facilities and talent avallable at the Laurence Ber! cley Laboratory

P oo eme——

'
i
| | DT
Iﬂectrzc;l En;zneerlnr Denartment SRS R e [
. The large-scalc automatic equipment 1ﬁcluling the computer and flying-spot i
scanner are located in epecially remolellOd space provided for that purpose in the .
basement of the Iectrical Enginecring Bu:.ldg.ng, Cory Ez=ll. Members of the faculty !
and graduate students in-Mectrical: Ingineering have been taking an effective role in :
tae developzent and use of this sysiern.  Thue collaborauﬂon with the Electrical Engin-
eering Department and the En'rlneermU Research Laborstories offers excellent s puClul

facilities for worl of the type ve.are undertaking, as well as

as a unique opportunity
for those members of the Taculty and graduate stvdent:z in Elcotr

cerical IEngineering
intercoted in anplylng their special akllls and knouwledge to Jlonedlcal enginesering

"-Campus Computer Center - ' : e . ;
- .. Only nodest lunds have baen bucg tcd Te» use.of the Campus CcmpLu"r Centor

since, until now, we have been able to carry ou: all the computations associated with !
our work on our oun computing system. When our own systen is saturatcd, we may be
eble to reorgzanize our programs so that some of the pure computation can b& put on
wagnetic tape and carried out at the Campus Cormputer Center which offers general
facilities for large-zcale compuuat¢onal work. . - AR '

’

Physics Department o~ ' S e
Iaboratory space in thn Physics Departriznt is available for this work if
nceded and the excellent rzsources of the 1h£h1n° Shop and Glassblowing Shop can be

i
used fren time to tJLe as neeessary. ' _ T,

Extra-fabrication Spacz i : . : .
For fabrication «f much of the sheet metal end welding work required for

the construction aad mcintenance of the large-scale aubomoted equinsent, we have been

granted the use of a corrugatzd metal building located in the parking lot ‘oif Co*y

Hall convenient to all of our other operations. Commonly called the "Ore House",

this building wag previonsly used for storing ores obitmined from 2 nsarhy practice

mining shaft. S ' : >

S e

We have hed extencive convercation and in some cases correspoadence. with
[=3¢

all of the ccientific inve ors who have proposed projects using our equipment

the precise relationship that will davelop botuveen these scientific 1nvc~t r‘atore and
menbers ol our oun laLo~.L3ry rernain (o be definzd. In every case scli
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.. .. . Privileged Cormunication _ _.m,-._.,,_-___._--ﬂ_;_ e e e

. . . . . .. ,
invectigators proposing projects listed here have independent support for carrying

out thess projects in their own laboratories and we intend to provide use of our - :
fecilities and necessary supplies without any formal arrangements or exchange of funds
IT scheduling of experinments and assigning of prioritics becomes .difficult, we will
probably invite some of the scientific investigators to join us and constitute an
Advisory Committee to help plan the work schedule. It is too early to. foresee
accurately how all of these relationships will devélop so no formal administrative
gtructure for collaboration is being planned at this time.

In addition to the scientific investisators named above, Professor Herpert B. Bacskin
and Professor Martin Grahem of the Department of Electrical Engineering and Computer
Science, University of California, Berkeley have been very helpful in giving advice
concerning computer hardware and software. They generously agreed to continue

this relstionship and perhaps play a more active role in this program in coming

T years.

G. Principal Investigator Assurance.

The undersigned agrees to accept responsibility for the scientific and
technical conduct of the research project and for provision of required . i
progress reports if a grant is -awarded as the result of this application

. 9 November 1973 L S C/DM%MJM&

Date Donald A. Glaser - ;
: a _ Principal Investigator
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